Introduction

35
Owning to ability to maintain high oxygen flux and long-term stability at high temperatures of 36 800~1000°C, mixed ionic and electronic conducting (MIEC) perovskite-type AxA'1-xBxB'1-xO3-δ 37 oxides are widely studied for oxygen-permeable membranes. Among these oxides, the Sr and/or 38 Fe-doped multi-component LaCoO3-δ perovskite-type oxide is a preferred system due to a good 39 compromise of properties. During the service in a PO2 gradient, kinetic demixing of the 40 cations/anions, and even kinetic decomposition (i.e., formation of new phases) may occur in the 41 original homogeneous oxide matrix, resulting in inevitable degradation of the membrane. 42 There are only few of experimental work on the demixing and/or decomposition behavior of Sr 43 and/or Fe-doped LaCoO3-δ perovskite-type oxides available in the literature. Schlehuber et al. [1] 44 2 observed different oxide layers on the feed and the permeate surfaces of La0.58Sr0.4Co0.2Fe0.8O3-δ 45 membranes at 800°C after 3000 h. Van Doorn et al. [2] found strontium enrichment at the low 46 oxygen partial pressure side of La0.3Sr0.7CoO3-δ membranes after long-term oxygen permeation. 47 Moreover, Lein et al. [3] confirmed the kinetic decomposition and demixing in a 48 La0.3Sr0.7Co1-xFexO3-δ membrane observing cobalt oxide on the oxidizing side at 1423 K. Wang et al. 49 [4, 5] reported that the kinetic demixing and the decomposition rates of La0.6Sr0.4Co0.2Fe0.8O3-δ 50 membranes were self-accelerating with time at the air-side surface. 51 However, long-term performance measurements are hard to achieve experimentally. Theoretical 52 modeling may serve as an important supplement for studying kinetic demixing and decomposition 53 phenomena during the long service lifetime of oxygen membranes. Up to now, some reports on 54 theoretical modeling of the demixing and even decomposition phenomena in solid ionic compounds 55 are available in the literature. Martin et al. [6, 7] studied the demixing phenomenon in a result, the atomistic features of the process cannot be identified, i.e., the energy construction is 72 based on the mixture of compounds AO and BO rather than the specific crystal structure. 73 So far, no effort has been made to model the demixing and even decomposition behavior in 74 MIEC perovskite-type oxides. Thus, there is need to remedy this situation. Moreover, this type of 75 modeling is also of relevance in the SOFC cathodes under strong polarization [13] [14] [15] 
Thermodynamic model
101
Two sets of thermodynamic descriptions for the La-Co-O system are available in the literature.
102
One is from Yang et al. [23] The Gibbs energy function of the perovskite phase is given by the following expression:
where i, j, and k represent the constituents in the first, second and third sublattice, respectively. , which in general depends on composition, temperature, and pressure.
219
The kinetic parameter j iVa M has the common format: 
It should be noted that, the diffusion coefficient usually depends on the oxidation state of Co, 225 which influences the size of the ion or more accurately the electronic density distribution around it.
226
It is also well established in the literature that the diffusion coefficient of B ions in ABO3 depends 227 strongly on the concentration of A-site vacancies. Due to lack of any data, we make the above 228 simplified assumptions. 229 Then, we have six chemical diffusivities in total as The thickness of the LaCoO3-δ oxygen membrane is set to 1 mm (i.e., 1×10 As the tubular geometry is closer to the practical application of oxygen membrane, this was adopted 312 for all the simulations presented. The simulated schematic diagram of oxygen membrane with tubular geometry. 318
319
The initial constituents, phases, temperature and oxygen activity boundary conditions in the 320 present simulations are listed in *  3  3  3  3  3  3  *  *   *  2  2  2  2  2  2  2  2  2   2 
Diffusion mobilities for cations and oxygen ions
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Demixing concentration profiles
357
The mole fractions of La, Co and O satisfy the following mass conservation relationship, which 358 explains the variation of the concentration profiles at t=86400 s (1 day) in the subsequent Fig. 5 . 
The demixing concentration profiles from t=0 s to t=31000000 s (i.e., 1 year) in the LaCoO3-δ Fig.3 (c) .The scale of y-axis is very small due to the limited non-stoichiometric range of the (Fig. 8a) . The La/Co molar 371 ratio continuously decreases over time at the high PO2 side, whereas it remains almost constant in 372 the largest part of the membrane. The precipitation of Co-rich phases (Co3O4 and CoO) at the high 373 PO2 side leaves behind a La-rich region (Fig. 5d) which leads to the formation of La2O3 (Fig. 8b) . 374 The mole fraction of O increases at the high PO2 side to values above the stoichiometric one, which 375 is due to the fact that the O mole fraction is calculated based on all the O-containing phases in the 376 membrane (and similarly for all other elements), which in the case of O includes also the Gas phase 377 O released upon decomposition of the perovskite phase. Table 3 presents the local phase 378 composition at z=0.010987 m near the high PO2 side at t=86400 s, which clearly confirms the 379 above phenomenon. 380 381 Table 3  382 Local phase composition at z=0.010987 m near the high PO2 side at t=86400 s 383 1073 K from t = 0 s to t = 31000000 s (i.e., 1 year). As shown in Fig. 8(a-c) 
498
 The present methods for studying the kinetic decomposition in the ABO3-type perovskite phase 499 can be extended to multicomponent systems A1-xCxB1-yDyO3-δ, so a complete comparison to the 500 experimental information may be performed.
1) The local equilibrium assumption is introduced in the oxide: Because the motion of cations is much slower than that of electrons and oxygen anions, Considering that LaCoO3−δ oxide is an electronic conductor, in which the electron transfer needed 527 to maintain a zero charge flux (charge balance) is much faster than the diffusion jumps, i.e., 555  556  557  558  559  560  561  562  563  564  565  566  567  568  569  570  571  572  573  574  575 
